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Desoxcycorticosterone acetate (DOCA) is
used in clinical therapy for Various unrelated
conditions. The systemic reaction evoked by
this hormone has been studied in a number of
experimental animal species and to some extent
in human subjects too. Reports on the local im-
pact of DOCA on mammalian connective tissue
are rather meager probably because the clinical
importance of cortisone has over-shadowed re-
search on all other corticosteroids. It is, how-
ever, important to study this effect, especially in
relation to infiammatioa per as, causation of
primary neoplasia and secondary somatic spread
of existing cancer. The investigation reported in
this paper deals primarily with the effect of
DOCA on epidermal and dermal components of
rat and mouse skin. This will serve as an intro-
duction to assessing the all important role of
DOCA-altered connective tissue in methylcho-
lanthrene (MCA) induced epidermal tumors in
Swiss albino mice (1).
This paper is concerned mainly with the
changes in the dermal connective tissue brought
about by the mineralocorticoid hormone DOCA.
The response has been assessed as total tissue
effect, and at the molecular level, as the sub-
microscopic alteration in fibrillar structure of
collagen.
MATERIAL AND METHODS
Eighty eight Wistar rats and 87 Swiss albino
mice wore kept on optimum stock diet and were
used as follows in two experiments:
1. Studies on skin biopsy specimens of male and
female Wistar rats and Swiss albino mice, painted
with 1% DOCA suspended in 60% alcohol.
2. The effect of subcutaneously injected 1%
DOCA suspended in physiological saline, on the
abdominal skin of male and female Wistar rats
and Swiss albino mice.
Throughout the experimental study Desoxy-
corticosterone acetate used was supplied as a finely
granular powder.1 Topical painting was carried
out with 1% suspension in 60% alcohol. In the
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second experiment, 1% suspension in physiological
saline was used.
One month old animals (30 Wistar rats and 29
Swiss albino mice) were painted once daily on the
abdominal skin with the test suspension, with a
single stroke of No. 4 camel hair brush for 1 to 3
months period. The solvent controls (11 Wistar
rats and 9 Swiss albino mice) were painted simi-
larly with 60% alcohol. Littermate animals were
kept as untreated controls (7 Wistar rats and 9
Swiss albino mice).
In the second experiment, all control and ex-
perimental animals were injected subcutaneously,
two times during a week (1 to 50 mg). Injection
control (8 Wistar rats and 8 Swiss albino mice)
animals were given plain deep pricks with a 23 G
needle to study the effect of injection trauma.
Solvent control (8 Wistar rats and 8 Swiss albino
mice) animals received physiological saline and ex-
perimental animals (24 Wistar rats and 24 Swiss
albino mice) received 1 mg of DOCA suspended
in physiological saline at each injection.
The animals were sacrificed by ether anesthesia
and the treated abdominal skin biopsy specimens
were collected in Lillie's 10% neutral formalin.
After fixation, the specimen was divided into two
parts—one for optical and histochemical study and
the other for electron microscopic studies on iso-
lated collagen.
6 /4 thick serial sections were stained with he-
matoxylin and eosin, Mallory's trichrome, Mal-
lory's phosphotungstic acid hematoxylin (PTAH),
Weigert's resorcin fuchsin, periodic acid Schiff's,
aqueous alcian blue pH 2.5 and aqueous toluidine
blue pH 4.5.
Electron microscopy.—Sclected areas of dermal
collagen from every skin sample were removed
from the main tissue, and washed free of fixative.
Isolated fibrils were obtained by mild manual
fragmentation. A microdrop of a suspension of
these fibrils in distilled water was placed on 200
mesh collodion coated copper grids, air dried and
metal shadowed with chromium. Scanning was car-
ried out in an RCA EMU 2 D electron microscope
with an objective aperture of diameter 0.001".
RESULTS
Gross and microscopic observations on male
and female animals will be described together
as there was no significant sex difference in
the two groups. At the start of each experiment
the hair on the abdominal skin of all animals
was completely shaved off with an electric clip-
per. Subsequent regeneration of hair was nor-
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mal throughout the duration of the experi-
ments. The animals were weighed once a week
and showed a normal gain in weight all through
the study period. No macroscopic changes
were evident on the abdominal skin of painted
animals except a slight dullness of hair. In
some animals which were given a high dosage of
DOCA, scanty epilation and transient redness
of skin was found.
MICROSCOPIC OBSERVATIONS
Topical Painting of Abdominal Skin with
1% DOCA in 60% Alcohol
Wistor rats (48) Swiss albino mice (47): In
the untreated (7 rats, 9 mice) and solvent
control (11 rats, 9 mice), all sections showed
a normal epidermis, 1—3 cells thick. The dermis
was normal with spindle shaped fibroblasts and
normal amounts of well-oriented collagen bun-
dles.
Mallory's trichrome and PTAH showed
normal blue or orange even staining of the
collagen while Weigcrt's resorcin fuchsin
showed a normal distribution of thin anastomos-
ing strands of elastica.
The response to PAS was mildly positive
while metachromasia with toluidine blue was
completely absent. The Alcian blue showed +
to +++ reaction indicating mild to moderate
amounts of acid mucopolysaccharidcs of the
ground substance of connective tissue.
Experimental animals—(30 rats, 29 mice):
All sections showed mildly hyperplastic epider-
mis with slight hyperkeratosis. Dermal changes
consisted mainly of thickening or hyalinization
of extracellular connective tissue. All the ani-
mals showed moderate proliferation of plump,
round or stellate shaped fibroblasts with rounded
nuclei and increase in the cytoplasmic content.
These alterations were progressively increased
from 1 to 3 months painting with DOCA. There
was no inflammation found in the dermis of
any control or experimental animals (Fig. 1).
Twenty-five out of 30 rats and 25 out of 29
mice showed uneven, pale to intense staining
with Mallory's trichrome and PTAH. Four out
of 30 rats and 3 out of 29 mice showed altered
staining with these two stains, showing fibrinoid
like purple pools, chromophobic areas (Fig. 2)
and coarse red blue and orange purple fibrils
(Fig. 3). Weigert's resorcin fuchsin showed
normal even staining of elastica (Fig. 4).
There was a mild increase in IPAS positive
material and Alcian blue positive material.
Metachromasia with Toluidine blue was com-
pletely absent.
Subcutaneous Injections of 1% DOCA in
Physiological Saline on Abdominal Skin
Wistar rats (40) Swiss albino mice (40): In
both the control groups (16 rats, 16 mice) the
epidermis showed slight hyperkeratosis and an
increase in the number of dermal fibroblasts
and normal collagen bundles. The stratum
granulosum was prominent in the epidermis of
all animals in the 30 mgm group onwards.
There was slight inflammatory exudate and
hyalinization of extracellular connective tissue.
In the solvent controls there was also a per-
sistent spongy edema of the dermis.
Mallory's trichrome and PTAII showed
normal even staining collagen in all 8 groups
while Weigert's resorcin fuchsin showed normal
amounts of elastica.
There was little or no PAS positive reac-
tion either in the epidermis or in the dermal
ground substance, the only positive areas being
the hair follicles and vascular intima which
were also the only sites of metachromasia.
There was a definite Alcian blue positive reac-
tion in the dermal ground substance.
Experimental animals (24 rats, 24 mice): In
this group, sections showed 2—3 cells thick epi-
dermis with a mild to moderate hyperkeratosis
and an occasional parakeratotic area. The epi-
dermal cells were vacuolated. The stratum
granulosum was very prominent (Figs. 5, 6).
There was considerable increase in plump and
stellate shaped fibroblasts (Fig. 7). The dermis
was edematous, thickened and hyalinized (Figs.
5, 6). Thirty animals given a high dosage of
DOCA, showed an inflammatory exudate,
sometimes massive, consisting mainly of plasma
cells and lymphocytes with occasional neutro-
phils and eosinophils (Fig. 8).
Thirteen out of 24 rats and 18 out of 24 mice
showed uneven, pale to intense staining with
Mallory's trichrome and PTAH. Seven out of
24 rats and 4 out of 24 mice showed altered
staining with these two stains, showing chromo-
phobic areas, purple pools or coarse red blue
and orange purple fibers (Fig. 9). Weigert's
resorcin fuchsin showed normal even staining
of elastica in all animals treated with DOCA.
There was a considerable increase in the
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Fin. 1. Section of abdominal skin from experimental Swiss albino mouse painted topi-
cally with 1% DOCA in 60% alcohol for 3 months. Increase in fibroblastic population and
extreme hyalinization of extracellular connective tissue is seen (II & E; X 220).
Fio. 2. Section of abdominal skin from experimental Wistar rat painted topically with
1% DOCA in 60% alcohol for 3 months. Collagen is stained unevenly and in areas com-
pletely altered, purple to orange purple strands (PTAII; >< 440).
amounts of Alcian blue positive material.
Metaehromasia with Toluidine blue was vir-
tually absent. PAS showed a mildly positive
reaction in every tissue.
The electron microscopy of isolated collagen
fibrils from DOCA painted and injected skin
showed ultrastruetural changes suggestive of
much lateral swelling of the individual flbrils.
The fibril periodicity was mostly obscured by
the massive increase in the amorphous sub-
stance. Wherever evident, it appeared within a
normal range. There was an increase in proto-
fibrils and tapered tactoids, suggesting rapid
and active turnover of collagen (Figs. 10, 11,
12).
DISCUSSION
A pilot experiment was carried out on 32
male and female Wistar rats. Painting daily
with commercial 1% DOCA in corn oil (Hale-
wood Chemicals, U.K.) on abdominal and
scapular skin, induced changes in dermal con-
-
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Fio. 3. Section of abdominal skin from experimental Swiss albino mouse painted topi-
cally with 1% DOCA in 60% alcohol for 3 months. Collagen is completely cbromophobic
with flat strands of refractile fibers (Mall; X 220):
Fro. 4. Section of abdominal skin from experimental Wistar rat painted topically with
1% DOCA in 60% alcohol for 2 months. Normal elastic fiber bits, with occasional long
strands are evident (Weigert's resorcin fucbsin; X 440).
nective tissue suggesting an absorption of
DOCA through the epidermis. Earlier work of
Sirsat and Khanolkar (2) has also shown that
this substance inj ected subcutaneously has an
effect on the connective tissue optically and
submicroscopically. Hence in this experiment
two modes of administration of DOCA were
used—topical application and subcutaneous
injection. The choice of solvent for painting
was rather restricted as DOCA is insoluble in
many organic fluids. 60% alcohol was chosen
on the basis that after application it would
volatilize, leaving a fine effective residue.
There was no effect of either superficially
applied or injected DOCA on the hair cycle of
both rats and mice. However, 6 animals which
were given high doses of DOCA (40 and 50
mgm) showed very scanty epilation and dis-
coloration of skin and hair. There were no mac-
roscopic changes on the surface of the skin. This
observation suggests that the primary influence
of DOCA is not on the epithelial elements but
A'
-
fit—
a
-
EFFECT OF DOCk ON CONNECTIVE TISSUE 323
Fin. 5. Section of abdominal skin from experimental Wistar rat subcutaneously injected
with 1% DOCA in physiological sahne (15 mg gronp). Epidermis is 2—3 cells thick with
vacnolated cells and prominent stratum granulosum. Dermis is thickened, edematous and
hyalinized in areas. Considerable increase in plump round or stellate shaped fibroblasts.
Submucosa shows a moderate inflammatory exudate (H & E )< 220).
Fin. 6. Section of abdominal skin from experimental Swiss albino mouse subcutaneously
injected witb 1% DOCA in physiological saline (50 mg). Shows a massive inflammatory
exudate consisting mainly of plasma cells, lymphocytes with occasional neutrophil or
eosinopbil. Fibroblasts are also increased in number (H & E >< 220).
on connective tissue both ccllular nnd fibrillar.
The lack of surface change is borne out by
minimal epidermal changes seen microscopi-
cally, there being only slight non-specific reac-
tion of the epidermis to manipulation (1).
The most striking extraeellular changes seen
in the dermis were thickening of collagen and
areas of eosinophilic refractile hyalinized mate-
rial, the latter apparently being a more ad-
vanced stage of the same non-specific connec-
tive tissue change. The term thickening is
applied in this study to an overall increase in
width and density of the collagen fiber bundles.
The normal morphology of the collagen is how-
ever still evident, the scleroprotein still being
recognized as separate bundles. Hyalinization
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Fjo. 7. Section of abdominal skin from experimental Wistar rat subcutaneously injected
with 1% DOCA in physiological saline (40 mg). Typical to DOCA treatment plump fibro-
blasts with large nuclei and abundant cytoplasm are seen. This high magnification picture
shows the type of cellular exudate consisting of plasma cells and lymphocytes with an
occasional neutrophil (H & E; >< 440).
Fic. S. Section of abdominal skin from experimental Wistar rat subcutaneously injected
with 1% DOCA in physiological saline (30 mg). A massive inflammatory exudate consisting
mainly of plasma cells, lymphocytes with occasional neutrophil or eosinophil (H & E;
N 220).
refers here to the classical term "smooth hyalini-
zation" by which it meaot a loss of fibrous
structure, the area usually occupied by normal
collagen being replaced by smooth eosinophilie
glassy material often merging into thickened
or normal collagen.
Table No. 1 shows the incidence of hyaliniza-
tion and thickening. Generally, advanced hyalin-
ization was more marked in the injected
group probably due to direct injury.
DOCA is known to stimulate the prolifera-
tion of fibroblasts and the formation of inter-
cellular substance (3—9). In keeping with this
finding the fibroblastie response in this investi-
gation was very marked. There was a consider-
able increase in very large rounded or oval,
a
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Fcc. 9. Section of abdominal skin from experimental Wistar rat subcutaneously injected
with 1% DOCA in physiological saline (20 mg). Uneven pale to intense staining. Purple
or purple orange staining (black in picture) of coarse individual fibers is seen (PTAH;
X 220).
Fic. 10. Electron micrograph of isolated collagen from abdominal skin of Wistar rat
topically painted with 1% DOCA in 60% alcohol for 3 months. Fibnl periodicity is clearly
evident. There is slight increase in the width of the individual fibers. Picture shows a
marked increase in protofibrils (Chromium shadowed; X 14,000).
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FIG. 11. Electron micrograph of isolated collagen from abdominal skin of Swiss albino
mouse given 10 mg of 1% DOCA in physiological saline subcutaneously. Strands of collagen
considerably thickened but with normal periodicity arc seen. Number of fibrils show
tapered ends. There is considerable increase in amorphous material (Chromium shadowed;
X 21,000).
plump fibroblasts with large nuclei and abundant
basophilic cytoplasm. These cells had numerous
cytoplasmie processes which often gave them a
stellate appearance.
Table No. 2 shows the response of DOCA
treated rat and mouse dermis to three differen-
tial stains for connective tissue. The reactions
were classified as:
1. Normal—showing even staining.
2. Uneven—ranging pale to intense in color.
3. Altered—where the collagen fiber bundles
or individual fibers stained purple or purple
orange with PTAH and red or red blue with
Mallory's trichrome. In a majority of the ani-
mals treated with DOCA either superficially
or subcutaneously, Mallery's tricbrome and
PTAH showed besides normally stained collagen,
collagen which was chromophobic or stained
unevenly or abnormally. Areas of amorphous
ref raetile eosinophilie hyaline material in the
dermis also stained purple with PTAH and
red blue with the triehrome. There was no
abnormality in the response of the fibrous
connective tissue to resorein fuchsin, all see-
I. C
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FJG. 12. Electron micrograph of isolated collagen from abdominal skin of Swiss albino
mouse given 30 mg of 1% DOCA in physiological saline subcutaneously. Picture shows
fibrils completely embedded in greatly increased amorphous material. Occasionally fibril-
lar periodicity is evident (Chromium shadowed; X 8500).
TABLE 1
Summary of changes in extra-cellular connective tissue after administration of DOGA
Type of ch9nge in extra-cellular
connective tissue
Number
Mode of administration of DOCA Animal species Group of Collagen
animals
Normal Infiamma-
Thicken- Hyaliniza- tion
ing tion
I. Topical painting on ab- Wistar rats Controls
dominal skin with
1.0% DOCA in 60% Untreated 7 7 —
ethyl alcohol. Solvent 11 11 —
Experimental 30 12 18
Swiss albino Controls
mice
Untreated 9 7 1 1
Solvent 9 7 1 1
Experimental 29 19 10
II. Subcutaneous injec- Wistar rats Controls
tion in abdominal
skin of 1.0% DOCA Injection 8 4 2 2 —
in physiol. saline. Solvent
Experimental
8
24
1
1
2
4
6
19
2
15
Swiss albino
mice
Controls
Injection
Solvent
Experimental
S
8
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tions showing normal amounts of thin branch-
ing suhepidermal elastica and broad pleated
bands of vascular elastica.
According to Gillman et at (10) and Alt-
schuler and Angevine (11) who studied a
number of connective tissue disorders, these
purple amorphous areas indicate the presence
of fibrinoid alteration.
In many connective tissue states, along with
altered tinctorial affinity of the collagen, there
is an apparent increase in thickened resorcin
positive fibers, bits and granules. Many workers
believe that this resorcin positive component
is altered collagen, degenerated "elastotically".
DOCA administration produces a change in the
staining reaction of collagen with the Mallory
staining, but no accompanying increase in resor-
cm stained fibrils. This suggests that there is
no basic reorientation of the molecular struc-
ture within the scleroprotein unit causing it
to develop an affinity to dyes specific for elas-
tica. The lack of alteration in basic fibril ultra-
structure also bears out this observation.
Table No. 1 also shows the nature of tbe
inflammatory response in rats and mice pro-
voked by two different methods of DOCA ad-
ministration. It is seen that in the first group,
where there is no injury accompanying DOCA
administration, inflammation is completely ab-
sent. In the second group the repeated injury
due to injections is followed by a inflammatory
reaction in all animals. This would suggest
rather clear-cut conclusions regarding the role
of DOCA in inflammation. This hormone
while influencing the dermis in diverse ways
does not per se call forth an inflammatory
response. This conclusion has been tentatively
touched upon by Inglc and Baker (12), Taubcn-
haus and Amromin (5, 6) Taubenbaus et at
(4) Pirani et at (3). Its role in enhancing the
inflammatory response to superimposed trauma
is confirmed in this study.
Electron microscopy of DOCA-treated loose
connective tissue has been reported by Kaji-
kawa and Sumita (13) and Asadi et at (14).
Kajikawa and Sumita (13) reported that there
appeared to be an increase in the amount of
protoflbrils in mouse connective tissue treated
with DOCA. Asadi et at (14) described consid-
erably increased agranular material associated
with unaltered collagen. These authors explain
the smooth appearance of this usually granu-
lar component of intercellular connective tissue,
on the basis of depolymerisation by the hor-
mone. While studying experimental induction
of submucous fibrosis of the palate, Sirsat and
Khanolkar (2) studied the submicroscopic
effect of DOCA treatment on rat palatal col-
lagen. They found that there is considerable in-
crease in the amount of ground substance, taper-
ing of collagen flbrils, and increase in the width
of collagen. The fibrils showed a tendency to
untwist or "open up".
In this investigation the alterations pro-
duced by DOCA are reflected by swelling of
the individual collagen fibrils and considerable
increase in ground substance and protofibrils.
The changes produced by subcutaneously given
DOCA are more evident than in the topically
painted group (Figs. 10, 11, 12). There was
considerable increase in amorphous ground sub-
stance, protofibrils, swelling and tapering of
collagen in the DOCA injected animals. There
was no loss of periodicity, though it was often
obscured by the coating of increased amounts
of amorphous material.
DOCA treatment of connective tissue in-
duces a general shift in electrolyte balance
(15) with resultant sodium retention and in-
creased hydration of the tissue. The molecular
stress due to this abnormal increase in tissue
water probably affects the intermolecular
bonds, and swells the fibrils and also gives risc
to an "opened up" appearance. This explana-
tion of swelling of the individual collagen fibril
would obtain in naturally occurring pathological
states due to inflammation, wherein extreme
vascular permeability is always an early co-
existent phenomenon due to tissue injury. The
increase in tissue fluid and change in pH is due
to this fact. This factor could affect the struc-
tural uniformity of collagen at the fibrillar
level and give risc to the submicroscopic de-
generation that is described consistently by
pathologists today.
SUMMARY
The steroid hormones are now known to have
a histological effect on all components of con-
nective tissue. Of the adrenal steroids, corti-
sone and its analogues have been studied in
detail due to their employment in therapy of
disease. The mineralocorticoids, while being
widely used in maintaining homeostasis in
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certain metabolic dyscrasias, are not so well
understood in relation to their effects on con-
nective tissue components. This study reports
the effect of DOCA in long term superficial
and subcutaneous administration on rat and
mouse dermal connective tissue. There is con-
clusive evidence that DOCA per se does not
cause inflammation but enhances the tissue ef-
fects resultant to injury. There is marked fibro-
blastic proliferation, dense fibrosis and overall
acceleration of the normal healing process.
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